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BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention generally relates to the field of data input devices. 
5 More particularly/the present invention relates to the field of keypad data input 
devices. 

RELATED ART 

A personal digital assistant (commonly referred to as a PDA) is a portable 
31 0 computer system. It is appreciated that the persona! digital assistant is a 
iy portable handheld device that is used as an electronic organizer which has the 
tfl capability to store a wide range of information that includes daily appointments, 
y numerous telephone numbers of business and personal acquaintances, and 
various other information. Furthermore, the personal digital assistant has the 
1^ 15 ability to connect to a personal computer system, enabling the two devices to 
exchange updated information. Additionally, the personal digital assistant can 
be connected to a modem, enabling it to have electronic mail (e-mail) 
capabilities over the Internet along with other Internet capabilities over a 
wireless communication interface. Also, the personal digital assistant can be 
20 coupled to a networking environment. 

Typically, the personal digital assistant includes a data input device such 
as a handwriting recognition device that can be utilized to control and operate 
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the personal digital assistant. The handwriting recognition device receives user 
input handwriting stroke data, whereas a user utilizes a stylus to stroke 
alphanumeric characters and analog characters (e.g., *, &, @, $, etc.) on the 
handwriting recognition device. The handwriting recognition device processes 
5 the user input handwriting stroke data and transmits the processed data to 
another component (e.g., an electronic display device, a memory unit, a 
processor, etc.) of the personal digital assistant so that a particular operation or 
function can be performed. Persona! digital assistants are enormously popular, 
^ in part because of their handwriting recognition device. 

?y However, everyone does not use the handwriting device. Some 

If! potential users simply do not understand how the handwriting recognition 
5| device operates. Other potential users have experimented with the handwriting 
ii recognition device, but have been frustrated by not being able to get the 
11 15 handwriting recognition device to work right away, leaving them with the 
impression that the handwriting recognition device does not work for them. 
Moreover, some potential users believe that their own handwriting is too hard 
for a human to read, much less a handwriting recognition device. Other 
potential users feel that handwriting recognition is too error prone. 

20 

A software keyboard has been incorporated into the personal digital 
assistant. The software or virtual keyboard is displayed on the touch sensitive 
electronic display device of the personal digital assistant when invoked by the 
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user. Refer to prior art Figure 1 for an example of a software keyboard on a 
persona! digital assistant. The user utilizes a stylus to select a particular 
keyboard character. Unfortunately, when the software keyboard 131 is 
displayed, the user experiences a marked reduction in the amount of space, on 
5 the touch sensitive electronic display device 130, available to display data. 

The company SOFTAVA has developed the product Slikyboard as a 
solution for the perceived problems with the handwriting recognition device. 
n The Silkeyboard includes a keyboard template that is positioned over the 
JlO handwriting recognition device. Thus, a user can tap on the appropriate 
Q location on the keyboard template to select and input a particular keyboard 
fU character. Moreover, the user can stroke characters on the keyboard template, 
JL causing the handwriting recognition device to detect and to recognize the 
»ii stroked characters as particular alphanumeric characters or particular analog 
q 1 5 characters. Refer to prior art figure 2 for an example of a keyboard template 140 
positioned on the touch sensitive display device 131. However, the Slikyboard 
has several disadvantages. First, the user finds it cumbersome, distracting, 
error-prone, difficult, and unintuitive to stroke characters over the keyboard 
template. Secondly, the user becomes dependent on the keyboard template 
20 rather than learning and employing the productivity enhancements of the 

handwriting recognition device, preventing the user from fully experiencing the 
power of the handwriting recognition device. 
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In addition, the company FTLab has developed the product Thumb Type 
as a solution for the perceived problems with the handwriting recognition 
device. Now referring to Figure 3, the Thumb Type includes a special sheet 
having keyboard keys molded from high precision plastic and arranged with an 
5 approximate 6-millimeter (mm) pitch on the special sheet. This special sheet is 
positioned over the handwriting recognition device. The Thumb Type is 
designed so that the user holds the personal digital assistant in both hands and 
types using both thumbs. If the user desires to employ the handwriting 
~4 recognition features of the handwriting recognition device, the Thumb Type 
Jo enables the user to display the handwriting recognition feature on the touch 
Q sensitive electronic display device of the personal digital assistant. Thus, the 
ill user can stroke characters on the touch sensitive electronic display device 
: a rather than on the handwriting device, causing the handwriting recognition 
jjj device to detect and to recognize via the touch sensitive electronic display 
p1 5 device. Besides the disadvantages discussed in connection with the 

Silkyboard, the Thumb Type also has the disadvantage that the handwriting 
recognition feature displayed on the touch sensitive electronic display device 
further reduces the productivity space available for the user on the touch 
sensitive electronic display device and interferes with normal viewing of the 
20 data displayed on the touch sensitive electronic display device. Refer to prior 
art Figure 3 and Figure 4 for examples of thumb activated keyboards'! 20 
coupled to a personal digital assistant 1 00. 
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Despite the advancements of thumb activated typing devices for personal 
digital assistants, there still exist many problems using keyboards with portable 
electronic devices. One prevalent concern of personal digital assistant users 
that utilize thumb activated input devices is accuracy. Many of the thumb 

5 activated input devices are very small and the keys of the device are very close 
together to keep the device as compact as possible. The result of the compact 
design is a tendency for users to unintentionally select the wrong key or multiple 
keys when using the device because these small keypads do not offer much 
tactile feedback as to key navigation. In addition, multiple keys are pressed 

0 because of the relatively small size of the keys with respect to the size of the 
fingers and thumbs. This leads to inaccuracy and ultimately loss of efficiency. 
Often the user presses multiple keys at once. 



Thus, there exists a need for a miniature keyboard that allows the user to 
5 accurately and confidently input the desired characters while maintaining a 
small and compact design that is desired by users and useful for portable 
applications. 
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SUMMARY OF THE PRESEST INVENTION 

In accordance with embodiments of the present invention, a miniature 
keyboard is disclosed to facilitate improved key differentiation and data input. 
5 Embodiments of the present invention provide a device for data entry with a 
portable electronic device such as a personal digital assistant, a pager, a cell 
phone, etc. In addition, the present invention does not require special 
instructions or a ramp-up period as do existing data entry devices for a personal - 
Q digital assistant. 
Jp 

jTj Embodiments of the present invention include a miniature keyboard 

in wherein the keys are arranged in a way to improve navigation, data entry and 
0 decrease the chance of depressing multiple keys at a time. The keys are 
[ u t arranged in a way to keep the keyboard consistent with the compact features of 
rj 5 a personal digital assistant. Accordingly, the height of the keys are patterned to 

decrease the chance of multiple key depressions thus increasing the accuracy 

of data input into the personal digital assistant. 

More specifically, in one embodiment, the height of the keys is alternated 
20 down the individual rows of keys (e.g. some rows are raised to improve tactile 
feedback to the user). In another embodiment, the height of the keys is 
alternated across individual columns of keys. Similarly, in another embodiment, 
the height of the keys is patterned in a checkered pattern on the keyboard. In 
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addition, another embodiment staggers the keys and incorporates 
embodiments mentioned above. By incorporating different key arrangements 
and alternating the height of the keys, key differentiation and data input 
accuracy is greatly improved. Key differentiation is improved because better 
tactile feedback is provided when depressing keys. A point of reference is 
provided thereby avoiding pressing multiple keys or improper keys. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The accompanying drawings, which are incorporated in and form a part 
of this specification, illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the invention. 

Figure 1 is a prior art system that illustrates the use of a QWERTY 
keyboard template on an electronic device. 

Figure 2 is a prior art system that illustrates the use of a FITALY keyboard 
template on an electronic device. 

Figure 3 is a prior art system that illustrates the use of a miniature thumb- 
activated keyboard with an electronic device. 

Figure 4 is a prior art system that illustrates the use of a miniature 
keyboard with curved rows in conjunction with a personal digital assistant. 

Figure 5 illustrates a network environment, including a handheld 
electronic system coupled to a host computer system and the Internet Via a 
cradle device, in which embodiments of the present invention can be practiced. 
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Figure 6 illustrates a logical circuit block diagram of a handheld 
electronic system in which embodiments of the present invention can be 
practiced. 

5 Figure 7 illustrates a keyboard having alternating columns of raised keys 

in accordance with an embodiment of the present invention. 

Figure 8 illustrates a keyboard having rows of keys that decrease in 
height in accordance with an embodiment of the present invention. 

Figure 9 illustrates a keyboard having raised keys patterned in a 
checkered pattern in accordance with an embodiment of the present invention. 

Figure 10 illustrates a keyboard having alternating rows of raised keys in 
accordance with an embodiment of the present invention. 

Figure 1 1 illustrates a keyboard having raised and staggered keys 
patterned in a checkered pattern in accordance with an embodiment of the 
present invention. 
20 

Figure 12 illustrates a keyboard having staggered keys with raised height 
that form alternating diagonal columns of keys with similar height in accordance 
with an embodiment of the present invention. 
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Figure 13 illustrates a keyboard having alternating rows of raised and 
staggered keys in accordance with an embodiment of the present invention. 

Figure 14 illustrates differences in height of keys on a keyboard having 
alternating rows of raised keys in accordance with an embodiment of the 
present invention. 

Figure 15 illustrates differences in height of a keyboard having the 
middle row of keys raised in accordance with an embodiment of the present 
invention. 

Figure 1 6 illustrates characteristics of a keyboard having rows of keys 
decrease in height in accordance with an embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



Reference will now be made in detail to the preferred embodiments of the 
5 invention, examples of which are illustrated in the accompanying drawings. 
While the invention will be described in conjunction with the preferred 
embodiments, it will be understood that they are not intended to limit the 
invention to these embodiments. On the contrary, the invention is intended to 
cover alternatives, modifications and equivalents, which may be included within 
the spirit and scope of the invention as defined by the appended claims. 
J; Furthermore, in the following detailed description of the present invention, 
m numerous specific details are set forth in order to provide a thorough 
* understanding of the present invention. However, it will be obvious to one of 
W ordinary skill in the art that the present invention may be practiced without these 
:|5 specific details. In other instances, well-known methods, procedures, 
components, and circuits have not been described in detail as not to 
unnecessarily obscure aspects of the present invention. 

Although the present invention may be implemented in a variety of 
20 different electronic systems such as a pager, a mobile phone, a calculator, a 
persona! digital assistant (PDA), etc., one exemplary embodiment includes the 
keyboard with a portable computing system. It should be understood that the 
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descriptions corresponding to Figures 5-6 provide general information about an 
exemplary portable computing system. 



Figure 1 illustrates a network environment 151, including a handheld 
5 electronic system (e.g., personal digital assistant 100) coupled to a host 
computer system and the Internet via a cradle device 160, in which 
embodiments of the present invention can be practiced. 



Network environment 151 comprises a host computer system 156 which 
"|0 can either be a desktop computer system as shown, or, alternatively, can be a 
p laptop computer system 158. Optionally, more than one host computer system 
10 156 can be used within network environment 151. Host computer system 158 

and 156 are shown connected to a communication bus 154, which in one 
J[j embodiment can be a serial communication bus, but could be of any of a 
p}15 number of well known designs (e.g., a parallel bus, Ethernet Local Area 

Network (LAN), etc.). In an embodiment, bus 154 can provide communication 
with the Internet 152 using a number of well-known protocols. 

Importantly, bus 154 is also coupled to a cradle 160 for receiving and 
20 initiating communication with the personal digital assistant 100. Cradle 160 
provides an electrical and mechanical communication interface between bus 
154 (and any device coupled to bus 154) and the personal digital assistant 100 
for two-way communications. The personal digital assistant 100 also contains a 
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wireless inferred communication mechanism 164 for sending information to 
other devices And for receiving information from other devices. 

Figure 6 is a block diagram of exemplary circuitry of a portable computing 
5 system 100 in accordance with one embodiment of the present invention. The 
computer system 100 inciudes a central processor for processing information 
and instructions. It is appreciated that central processor unit 101 may be a 
microprocessor or any other type of processor. The computer system 100 also 
includes data storage features such as a volatile memory 102 (e.g., random 
0 access memory, static RAM, dynamic RAM, etc.) for storing information and 
Sj instructions for the central processor 101 and a non-volatile memory 103 (e.g., 
j5 read only memory, programmable ROM, flash memory, EPROM, EEPROM, etc.) 

for storing static information and instructions for the processor 101 . Computer 
JO system 100 may also include an optional data storage device 104 (e.g., thin 
l$ 5 profile removable memory) for storing information and instructions. It should be 
understood that data storage device 1 04 may be removable. Furthermore, 
device 104 may also be a secure digital (SD) card reader or equivalent 
removable memory reader. 

20 Also included in computer system 100 of Figure 6 is an alphanumeric 

input device 106 which in one implementation is miniature keyboard as 
described herein and may include integrated push buttons in one embodiment. 
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System 100 of Figure 6 also includes an optional cursor control or 
directing device 107 for communicating user input information and command 
selections to the central processor 101. In one implementation, device 107 is a 
touch screen device (also a digitizer) incorporated with screen 105. Device 107 
5 is capable of registering a position on the screen 105. 

Computer system 100 also contains a flat panel display device 105 for 
displaying information to the computer user. The display device 1 05 utilized 
with the computer system 100 may be a liquid crystal device (LCD), cathode ray 
sjb tube (CRT), field emission device (FED, also called flat panel CRT), plasma or 
% other display technology suitable for creating graphic images and alphanumeric 
jjj characters recognizable to the user. In one embodiment, the display 105 is a 
s flat panel multi-mode display capable of both monochrome and color display 
CO modes. 
15 

r= Also included in computer system 1 00 of Figure 6 is a signal 

communication device 108 that may be a serial port (or USB port) for enabling 
system 100 to communicate PC 156. In one embodiment, the communication 
interface is a serial communication port, but could also alternatively be of any of 

20 a number of well known communication standards and protocols, e.g., parallel, 
SCSI, Ethernet, Firewire (IEEE 1394), USB, etc. including wireless 
communication. 
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A miniature keyboard having keys such that multiple ones could be 
pressed with a fingertip is described herein. Figure 7 is an illustration of 
personal digital assistant 100 that incorporates one embodiment of the present 
invention. Personal digital assistant 100 comprises a miniature keyboard 
5 consisting of raised keys 701 and low keys 702. In this configuration, the keys 
of different heights are arranged in vertical rows across the miniature keyboard. 
The raised rows 701 and low rows 702 are alternated across the miniature 
keyboard. By alternating the height of the rows of keys across the miniature 
keyboard, data input accuracy and navigation feedback are increased because 
i| the difference in key height provides better key differentiation than a standard 
p miniature keyboard. As more tactile feedback provided to the user, the easier 
ftj the user can depress the correct keys. 

jJJ Additionally, in this embodiment or any of the following embodiments of 

il5 the present invention, providing an audible tone when a key is pressed would 
increase key navigation and differentiation. Optionally, the keys could require 
different amounts of pressure to depress the keys thus further improving key 
differentiation and navigation. 

20 Figure 8 is an illustration of another embodiment of the present invention. 

In this embodiment, the miniature keyboard comprises keys that decrease in 
height from the top of the keyboard to the bottom of the keyboard. In this 
particular embodiment, the keys are four different heights. On the top of the 
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keyboard are the highest keys ("H") 701 . Next is a medium height ("M") of keys 
801 that are a little lower than the top row of keys. The third row of keys 802 is 
slightly lower ("F") than the previous row. Lastly, row 702 is the lowest ("L") of 
all the rows. By decreasing the height of the rows of keys, key differentiation 
5 and data input accuracy is increased. 

Figure 9 is an illustration of another embodiment of the present invention. 
In this embodiment, the height of the keys on the keyboard is alternated in a 
checkered pattern. High keys 701 and low keys 702 are alternated across the 
Jf 0 rows and down the columns of the keyboard. By arranging the keys in a 
p checkered pattern, it is less likely more than one key will be depressed at once 
ry when data is entered. By decreasing the chance of depressing more than one 
s key at a time, the accuracy of data entry is increased and decreasing the 
5 chance of depressing more than one key at a time increases key navigation 
3 5 feedback. 

Figure 10 is an illustration of another embodiment of the present 
invention. In this embodiment, the keys of the keyboard are alternated down the 
rows of keys. Each row has the same key height across the row, but the rows 
20 alternate between high row 701 and low row 702. By alternating the height of 
alternating rows of keys, key differentiation is increased because it is less likely 
the fingertip will depress multiple keys. 
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Figure 1 1 is another embodiment 1 100 of the miniature keyboard of the 
present invention. In this embodiment, the keys are staggered with the key 
height alternated across diagonal columns. High keys 701 and low keys 702 
are alternated across each row resulting in diagonal rows of equal height that 
5 slope to the left of the keyboard. By staggering the columns of keys and by 
alternating the height of the columns of keys, improved key differentiation is 
achieved. 

Figure 12 is another embodiment 1200 of the miniature keyboard of the 
present invention. This embodiment is similar to Figure 1 1 wherein the keys are 
staggered with key height alternated across the columns of keys. High keys 
701 and low keys 702 are alternated across the rows resulting in diagonal 
columns of keys sloping to the left that are the same height. Similar to Figure 
1 1 , by staggering the keys and by alternating the height of the diagonal 
columns of keys, key differentiation the accuracy of data input are greatly 
improved. 

Figure 13 is another embodiment 1300 of the miniature keyboard of the 
present invention. In this embodiment, the keys are staggered and the height of 
20 keys is alternated down the rows of keys with the middle row being 

differentiated in height from the other rows. The rows of keys are alternated 
between high keys 701 and low keys 702. The combination of staggering the 
keys and alternating the height of the rows of keys creates a keyboard with 
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improved key differentiation and data input. Embodiment 1300 could also have 
the heights reversed wherein the middle row was raised and the other rows 
were lowered relatively. 

Figure 14 illustrates characteristics 1400 of one embodiment of the 
present invention. This illustration shows a side view of a keyboard with 
alternating rows of keys. In this illustration, low keys 702 are in the middle of 
two rows of high keys 701. In this illustration, low keys 702 are about half the 
height of high keys 701. 

Figure 15 also illustrates characteristics 1500 of one embodiment of the 
present invention. This illustration is a side view of a keyboard wherein the 
middle row of keys is raised above the other rows of keys. High row 701 is 
about two times the height of low rows 702. 

Figure 16 illustrates characteristics 1600 of one embodiment of the 
present invention. This illustration is a side view of a keyboard wherein the 
rows of keys decrease in height down the keyboard. In this illustration, there 
are high keys 701 then middle height keys 1601 and lastly the low keys 702. 

The foregoing descriptions of specific embodiments of the present 
invention have been presented for purposes of illustration and description. 
They are not intended to be exhaustive or to limit the invention to the precise 
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forms disclosed, and obviously many modifications and variations are possible 
in light of the above teaching. The embodiments were chosen and described in 
order to best explain the principles of the invention and its practical application, 
to thereby enable others skilled in the art to best utilize the invention and 
various embodiments with various modifications as are suited to the particular 
use contemplated. It is intended that the scope of the Invention be defined by 
the Claims appended hereto and their equivalents. 
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